Introduction
============

Pharyngeal and oral cancers together rank the sixth most common malignancy worldwide [@B1]. OSCC is the major histopathological type of oral cancer. In spite of progress in diagnostic methods and therapies, OSCC continues to have a relatively unfavorable prognosis [@B2]. A significant challenge to personalized therapy for OSCC is to identify a reliable method for patient outcome assessment. Although traditional clinical staging and pathological grading are still important determinants of prognosis prediction, the prognostic value of these traditional clinicopathologic factors is plagued by inaccuracies [@B3]. New markers with higher accuracy are urgently needed to supplement classical prognostic parameters.

MiRNAs are small noncoding RNAs, which have been shown to have altered expression in various cancers [@B4]. Notably, miRNAs are extremely stable in the serum of patients, and associated with clinicopathologic variables and clinical outcomes [@B5], [@B6].

Although a few serum miRNAs were suggested as OSCC prognostic biomarkers, these studies had obvious limitations, such as studying too few miRNAs, using an inadequate inclusion or exclusion criteria, employing a small study population, or having no independent validation [@B7], [@B8].

In the present study, we analyzed serum specimens from a cohort of patients with OSCC and conducted an investigation to systematically identify serum miRNAs which could potentially serve for prognostic prediction of OSCC.

Materials and Methods
=====================

Participants and treatment regimen
----------------------------------

In total, we collected 340 serum samples and 16 tissue specimens from 308 participants: 218 patients with OSCC and 90 healthy controls. 170 patients with histopathologically diagnosed of OSCC were prospectively enrolled at Ninth People\'s Hospital between 2010 and 2012 to develop the serum miRNA signatures. Disease-free survival (DFS) was considered to be the time from randomization to the first event of either death or recurrent disease. Overall survival (OS) was considered to be the time from randomization in the study to death from any cause. Tumor volume of each patient was estimated using the following formula: volume = (length × width × height)/2 based on initial diagnostic computed tomography (CT) scan data. Individuals with or without positive lymph nodes received a radical neck dissection or a supraomohyoid neck dissection, respectively. We also performed adjuvant chemoradiotherapy in individuals with pathological T4 tumors or lymph nodes positive. The source of serum miRNAs was subsequently investigated in another 48 patients. All participants were ethnic Han Chinese who were genetically unrelated. They were graded in line with the WHO 2017 grading system and staged using the UICC TNM staging criteria. Exclusion criteria included radiotherapy or chemotherapy before blood collection and self-reported previous cancer history.

We recruited healthy control individuals from the Medical Examination Center of Ninth People\'s Hospital. Each subject completed an investigator- administered questionnaire that covered details of ethnicity, drinking/smoking history and previous medical history. We used frequency-matching to balance controls to the OSCC patients by dividing ages into four age ranges: 31-45, 46-60, 61-75, and 76-90. Ninety controls were randomly assigned to each age group by frequency matching. Gender and drinking/smoking history frequency matching were achieved without further manipulation following age matching, because the gender distribution and drinking/smoking status among OSCC patients and control subjects were equal (Table [1](#T1){ref-type="table"}).

Study design
------------

Our study consisted of two parts (Figure [1](#F1){ref-type="fig"}). Part 1: Construction of a prognostic serum miRNA signature in OSCC using a three-step approach; i.e., a screening stage, training stage, and testing stage; Part 2: Identification of the source of these serum miRNAs.

The initial global miRNA screening included 25 patients and 15 healthy controls. Based on the microarray results, systematic evaluation of serum miRNAs was performed. To quantify miRNAs levels in the screening cohort, RT-qPCR was carried out. A predictive risk score was developed in an independent training cohort of 55 samples (40 patients and 15 healthy controls). Subsequently, in an additional independent testing cohort of 165 samples (105 patients and 60 healthy controls) and all-combined 260 individuals (Table [2](#T2){ref-type="table"}), we assessed the performance of the candidate miRNAs.

Finally, in another independent set of 40 patients who underwent tumor resection, candidate miRNAs levels were examined in paired pre- and post-operative (day 5 post-surgery) serum samples. The secretory potential of miRNAs was examined using a new patient-derived-cell culture technology, conditionally reprogrammed cells (CRCs) [@B9], in 8 OSCC patients.

Our study was approved by the institutional review board of Shanghai Ninth People\'s Hospital. All participants gave written informed consent.

RNA extraction
--------------

Hemolysis of serum specimens was tested to remove samples that were potentially contaminated [@B10]. We routinely assessed the degree of overall RNA integrity to analyze RNA quality. Samples exhibiting a RNA integrity number (RIN) value greater than 7 were included in the analysis (Agilent 2100 Bioanalyzer). MiRNA was isolated from cultured cells, serum samples, and cultured media samples with a miRNeasy Mini Kit (Qiagen). A total of 200 μl of serum was used for each isolation. Due to no consensus on reference miRNAs for serum samples, a spiked-in synthetic ath-miR159a was added to samples as a reference control [@B11].

MiRNA microarray
----------------

An Exiqon\'s platform (version 19.0) was employed. GenePix Pro 6.0 software (Axon) was used to analyze array results. A median normalization procedure was applied to normalize the data. MiRNAs with low signal intensity; that is, less than 200 signal units, were excluded. The microarray data were deposited in the NCBI Gene Expression Omnibus database and can be accessed with the GEO Series accession number GSE113956.

Quantitative real-time PCR assay
--------------------------------

Enriched small RNAs from serum, cultured cells and cultured media samples were reverse transcribed with a TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems). Expression of selected miRNAs, ath-miR159a (for normalization of serum and culture media samples), RNU6B (for normalization of cultured cells) was tested with TaqMan miRNA Assays (Applied Biosystems). The mean cycle threshold (CT) value for each sample was analyzed using the 2^-∆∆CT^ method [@B6].

Patient-derived conditionally reprogrammed tumor cell and adjacent normal cell culture
--------------------------------------------------------------------------------------

Primary OSCC cells and paired adjacent normal epithelial cells were isolated from surgical specimens. CRC lines were established and co-cultured with irradiated 3T3 J2 fibroblasts as previously described [@B9].

Power calculations and statistical methods
------------------------------------------

G\*Power 3 was used for power calculations that determined the necessary sample sizes in the testing cohort. The calculations were based on data from the training cohort [@B11]. Paired or unpaired Student\'s *t* tests were adopted to examine the statistical differences of miRNAs expression. A one-way ANOVA test was performed to assess differences in multiple comparison groups. A Fisher\'s exact test or Chi-squared test was used to compare clinical characteristics among groups. The correlation between miRNAs expression in tumor-derived CRC cells and matched culture medium, and the correlation between relatively reduced serum miRNA expression and tumor burden in patients with OSCC were assessed by Spearman\'s rank correlation test. Cluster 3.0 software (Stanford University) was used to perform hierarchical clustering. Kaplan-Meier (KM) method was employed to analyze patients\' median survival time (MST), DFS and OS outcomes and the log-rank method was used to compare differences between groups. A risk-score was determined for each patient:

risk-score value

where ![](thnov09p0920i002.jpg)stands for the risk-score for miRNA y of patient x, and![](thnov09p0920i003.jpg) stands for the regression coefficient of miRNA y [@B12]. We utilized the median miRNA signature risk-score developed by DFS analysis from the training cohort as the cutoff point. Patients in both the independent testing and all-combined cohorts were also stratified into high-risk groups or low-risk groups using the same cutoff point. Prognosis prediction performance was evaluated by the area under the receiver operating characteristic (ROC) curve (AUC). The Youden\'s index was provided for the prognosis models [@B13]. Univariate and multivariate survival analysis were conducted with Cox regression model. An integrated prognostic model combining the TNM staging system and miRNA signature was constructed [@B14].

Statistical analysis was performed utilizing GraphPad Prism 6.0 software and SPSS 20.0 Statistics software. Results are displayed as the mean ± standard deviation (SD). *P* value \< 0.05 was considered statistically significant.

Results
=======

Serum miRNAs profiling and their associations with OSCC survival
----------------------------------------------------------------

Table [1](#T1){ref-type="table"} summarizes the clinicopathological features of all participants. In the screening stage, we compared serum miRNA profiling from OSCC (*n*= 25) and healthy individuals (*n*= 15) using microarray analysis. An expression heatmap showed that 202 serum miRNA (117 upregulated and 85 downregulated) levels were significantly different between patients and healthy individuals (fold change more than 3 times, *P*\< 0.01), indicating a distinct serum miRNA profiling in OSCC patients (Figure [S1](#SM0){ref-type="supplementary-material"}). Because we were interested in the potential biomarkers in the clinical prognosis, we selected the 117 miRNAs that had increased expression in OSCC for further study. In an effort to define natural subgroups of OSCC, unsupervised clustering of the 117 miRNAs was conducted (Figure [2](#F2){ref-type="fig"}A). It was demonstrated that the samples were classified into two groups. This division did not simply reflect differences in age, gender, smoking/drinking habit, stage or grade since none of these clinical parameters was significantly related to the tumor groups (Figure [2](#F2){ref-type="fig"} and Table [3](#T3){ref-type="table"}). While, a significant difference in the survival rates was found between these two groups (79% in group 1, 17% in group 2, *P* = 0.0056), suggesting serum miRNA profiling could provide crucial prognostic information beyond that gathered by clinicopathological characteristics.

Unsupervised hierarchical clustering showed the generation of three major miRNA clusters. Most of the miRNAs in clusters 2 and 3 were highly heterogeneous among patients, even within the same group. In contrast, a considerable number of miRNAs in cluster 1 (15 out of 34) were increased conformably in group 2, showing a possible negative correlation with the patient\'s prognosis. Furthermore, nine (miR-1-5p, miR-142-3p, miR-142-5p, miR-4454, miR-4795-3p, miR-29b-3p, miR-1537-3p, miR-626 and miR-5100) of the 15 miRNAs in cluster 1 significantly increased in the serum of patients who died during the follow-up period, compared with patients who survived (Figure [2](#F2){ref-type="fig"}B). RT-qPCR results further proved that, among the 9 miRNAs, miR-1537-3p, miR-626 and miR-5100 showed higher expression in patients who died compared to those who survived (Figure [S2](#SM0){ref-type="supplementary-material"}). Therefore, these three miRNAs were selected as potential prognostic biomarkers and were subjected to additional analysis.

Serum two-miRNA signature construction
--------------------------------------

The prognostic significance of the above mentioned 3 miRNAs was supported by RT-qPCR results in the training set containing 55 individuals (40 patients and 15 controls). The levels of the 3 tumor-specific serum miRNAs were all increased in patients than in healthy controls (Figure [3](#F3){ref-type="fig"}A and Figure [S3](#SM0){ref-type="supplementary-material"}A). Higher expression of miR-626 and miR-5100 was found in patients who died than in patients who survived, indicating that overexpression of these two miRNAs was mainly concentrated in patients with a poor prognosis (Figure [3](#F3){ref-type="fig"}B).

KM curves indicated that patients having elevated serum miR-626 and miR-5100 (above the median expression level), rather than miR-1537-3p, had significantly decreased DFS (miR-626, MST 37 months; miR-5100, MST 36 months) and OS (miR-626, MST 42 months; miR-5100, MST 42 months) compared with those with decreased levels (MST, not reached) (Figure [3](#F3){ref-type="fig"}C-D and Figure [S3](#SM0){ref-type="supplementary-material"}B). Therefore, miR-626 and miR-5100 were retained to construct the miRNA prognostic signature. In a combined analysis of these two miRNAs, we found that patients possessing high level of both miRNAs had remarkably decreased DFS (MST, 30 months) and OS (MST, 38 months) than patients carrying zero (MST, not reached) or only one high-risk miRNA (DFS: MST, 42 months; OS: MST, 49 months) (Figure [3](#F3){ref-type="fig"}E), indicating the two-miRNA signature exhibited greater prognostic performance than one-single-miRNA.

A univariate Cox regression analysis revealed that the expression of the two risk miRNAs was inversely related to DFS (Table [4](#T4){ref-type="table"}). The regression coefficients were 0.258 and 0.269 for miR-626 and miR-5100, respectively. Risk-scores were calculated for patients in the training cohort. The median value (1.509) was served as the cutoff. Obvious shortened DFS time (MST, 30 months) and OS time (MST, 31 months) was observed in patients having higher risk-scores, comparing with those with lower risk-scores (MST, not reached) (Figure [3](#F3){ref-type="fig"}F). The two-miRNA signatures showed stronger survival prediction (AUC: 0.920, specificity: 0.810, sensitivity: 0.842) than individual miRNAs (Figure [3](#F3){ref-type="fig"}G).

The prognostic performance of the signature was then validated in a testing set and in all-combined patients. Since the miR-5100 displayed the smallest effect size (*d* = 0.72) in the two candidate miRNAs, we performed a power calculation based on its data in the training cohort to determine the sample size needed for the testing cohort. A minimal size of 88 participants including 53 patients with good prognosis (above average survival time) and 35 patients with poor prognosis (below average survival time) was estimated to achieve 0.90 power. Finally, 105 patients (42 patients with poor prognosis, 63 patients with good prognosis) and 60 healthy controls were included.

Compared with patients who survived and healthy controls, serum miR-626 and miR-5100 were extremely elevated in patients who died, in both testing and all-combined cohorts (Figure [S3](#SM0){ref-type="supplementary-material"}C-D). High expression of these two serum miRNAs was significantly related to poor prognosis in both the testing (DFS: MST, miR-626, 24 months *vs.* not reached; miR-5100, 30 months *vs.* not reached; OS: MST, miR-626, 31 months *vs.* not reached; miR-5100, 35 months *vs.* not reached) and all-combined cohorts (DFS: MST, miR-626, 30 months *vs.* not reached; miR-5100, 30 months *vs.* not reached; OS: MST, miR-626, 38 months *vs.* not reached; miR-5100, 35 months *vs.* not reached), and two high-risk miRNAs showed greater performance than one-single-miRNA (Figure [S4](#SM0){ref-type="supplementary-material"}).

Risk scores were calculated, and the same cutoff derived from the training cohort was also used to define high-risk individuals (Figure [4](#F4){ref-type="fig"}A-C). As expected, a shortened survival time was observed in patients having higher risk-scores (DFS: testing cohort, MST 18 months, all-combined, MST 24 months; OS: testing cohort, MST 22 months; all-combined, MST 27 months) compared with those having lower risk-scores (DFS: MST all not reached; OS: MST all not reached) (Figure [4](#F4){ref-type="fig"}D-E). The two-miRNA signature yielded elevated AUC value (testing cohort, 0.802; all-combined, 0.847) in comparison to single miRNAs (miR-626: testing cohort, 0.731; all-combined, 0.757; miR-5100: testing cohort, 0.697; all-combined, 0.749), showing the best prognostic performance in all datasets (Figure [4](#F4){ref-type="fig"}F-G). The major cause of death in OSCC was recurrence. The close association between the miRNA signature and DFS prompts us to assess whether this miRNA signature could be useful to predict tumor recurrence. An increased recurrence rate was observed in high-risk patients (Table [5](#T5){ref-type="table"}). Individually, miR-626 and miR-5100 showed good AUC scores (0.745 and 0.752, respectively). The two-miRNA signature showed better predictive value to discriminate patients with or without recurrence (AUC score, 0.841) (Figure [4](#F4){ref-type="fig"}H), indicating the miRNA signature has a good performance as a recurrence predictor. No significant difference in other clinicopathologic parameters was observed between high- or low-risk groups (Table [5](#T5){ref-type="table"}).

Subsequently, a Cox regression analysis was executed in the all-combined group. By univariate Cox analysis, significant associations between DFS and pathology grade, serum miRNA signature, and TNM stage were observed. Multivariate analysis revealed that the association between this two-miRNA signature and survival was independent of other clinicopathologic variables (*P* \< 0.001) (Table [6](#T6){ref-type="table"}). Unsurprisingly, TNM staging was another independent prognostic factor, confirming this clinical feature as a well-recognized prognostic marker used in the clinic.

We next assessed whether integration of the miRNA signature with TNM stage could improve the prediction of outcomes. An integrated prognostic model combining the TNM stage and the two-miRNA signature was constructed. It was found that the prognosis prediction accuracy for the two-miRNA signature was superior to TNM stage, with a higher AUC value. The integrated model achieved the best prognostic performance (AUC value: 0.787, specificity: 0.884, sensitivity: 0.573), compared with the TNM stage alone model (AUC value: 0.630, specificity: 0.526, sensitivity: 0.733) or miRNA signature alone model (AUC value: 0.771, specificity: 0.768, sensitivity: 0.773) (Figure [4](#F4){ref-type="fig"}I). This suggested the two-miRNA signature might improve accuracy of classical prognostic parameters.

Investigation of miR-626 and miR-5100 source in the serum
---------------------------------------------------------

To determine whether these two risk serum miRNAs are of tumor origin, pre- and post-operative serum specimens were obtained from another 40 OSCC individuals. MiR-626 and miR-5100 expression was examined in these paired specimens. Both miRNAs were reduced in post-operative serum samples from the same individuals (Figure [5](#F5){ref-type="fig"}A). In addition, a positive correlation between the reduction of serum miRNA expression and tumor volume was observed (Figure [5](#F5){ref-type="fig"}B), suggesting these miRNAs may originate from tumor cells.

Next, we detected the miRNAs levels in matched normal and tumor cells and their culture media by employing CRC culture technology (Figure [5](#F5){ref-type="fig"}C). High levels of these two risk miRNAs were found in tumor-derived CRC lines and their culture media, compared with normal mucosa-derived CRC lines (*n*= 8) (Figure [5](#F5){ref-type="fig"}D). A positive correlation of the miRNAs level between tumor-derived CRC lines and their matched culture media samples was found (Figure [5](#F5){ref-type="fig"}E). Our results indicate that these risk miRNAs are overexpressed in tumor cells, and tumor cells can release endogenous miRNAs into the extracellular environment. Therefore, secretion by tumor cells might be the source of these tumor-associated serum miRNAs.

Discussion
==========

Our study, for the first time, systematically demonstrated that a serum miRNA signature can serve to predict OSCC patient prognosis.

Several studies have shown that circulating miRNAs can remain stable under harsh conditions [@B15]. Moreover, accumulating evidence revealed the associations of certain circulating miRNAs with the clinical outcomes of cancer patients [@B16], indicating that serum miRNAs might be potential noninvasive biomarkers for cancers [@B17].

Previous studies have reported that even one single specific circulating miRNA may assist to predict the clinical outcome of patients [@B18], [@B19], while profiles of a small number of miRNAs had greater performance to predict survival [@B6], [@B20], [@B21]. Some works has been done to develop the serum miRNAs-based biomarkers for OSCC diagnosis or prognosis. Unfortunately, those studies have had obvious limitations. For example, Xu and colleagues reported that serum miR-483-5p could be a prognostic marker for OSCC [@B7]. However, their conclusion was weakened by the small sample size. Summerer et al. showed that elevated plasma miR-142-3p, miR-186-5p and miR-195-5p, etc. were related to poor survival of head and neck carcinoma [@B22]. However, participants treated with radiochemotherapy were not excluded in that study, which may seriously interfere with miRNAs expression in serum. Therefore, the prognostic role of serum miRNAs in OSCC has not been convincingly demonstrated.

We recruited OSCC patients had never received radiochemotherapy and detected candidate miRNAs that could provide important information about unknown biological attributes and tumor characteristics. Clustering analysis and RT-qPCR evaluations confirmed that miR-626 and miR-5100 were extremely higher in serum from patients had died. A serum miRNA signature comprising these two miRNAs was constructed, followed by validation in independent cohorts. According to the miRNA signature, patients were stratified into high- or low-risk groups. A poorer survival and a higher likelihood of tumor relapse were found in high-risk patients. Our data clearly show that this two-miRNA signature can assist to predict prognosis in OSCC patients. As noted above, we used more stringent inclusion criteria than previous studies, which might be the reason that miRNAs we identified do not overlap with previously established miRNA signature in OSCC.

Recent evidence indicates that overexpression of miR-626 and miR-5100 contributes to human carcinogenesis in various cancers, including glioblastoma, hepatocellular carcinoma and lung cancer [@B23]-[@B26]. MiR-626 is significantly overexpressed in TCGA- HNSCC samples (Figure [S5](#SM0){ref-type="supplementary-material"}), and miR-5100 was reported to be a poor prognostic biomarker in both colon cancer and lung cancer [@B26], [@B27]. Further studies are required to fully illuminate their biological functions.

Our findings highlight that overexpression of these risk miRNAs in serum could be used as a prognostic marker for OSCC with a curative intent. Serum miRNAs can be measured constantly and noninvasively, providing a possibility for using our signature to guide individualized treatment. For example, in our study, adjuvant chemoradiotherapy showed no survival benefit. One plausible explanation for this finding may be the fact that, only 35% of high-risk patients received adjuvant treatments according to our model. Our data indirectly suggest that patients with high level of the two-miRNA signature are probably inadequately treated with the currently available adjuvant therapy. If confirmed by other studies, the two-miRNA signature can be applied to identify OSCC patients whose cancers should be treated more aggressively.

Currently, the origin of circulating miRNAs in cancer patients remains unclear [@B28]. Our study provided some interesting results that may help to determine the source of tumor-associated serum miRNAs. By comparing pre-operative and post-operative serum samples, a positive correlation between the reduction of serum miRNA expression and tumor burden was observed, implying that these serum miRNAs likely originated from cancer cells. To eliminate the interference of surgical trauma on the serum expression, CRC model was also applied to demonstrate whether tumor cells from OSCC patients can produce and secrete these risk miRNAs. We employed CRC because traditional established tumor cell lines are inadequate to mimic the true condition of patients\' tumor cells. Although primary cultures of tumor cells can solve the above-mentioned problems, the success rate for establishment of primary cell lines is very low. Liu and colleagues recently reported CRC, a novel cell culture technology. By this way, patient-derived primary cells are easily established without genetic changes [@B9]. Compared with normal mucosa-derived CRC lines, both the miR-626 and miR-5100 expression levels were significantly elevated in tumor-derived CRC lines, indicating that tumor cells, but not normal cells, overexpressed these miRNAs. A positive correlation between the miRNAs expression in tumor-derived CRC lines and their culture media further shows that tumor cells could not only produce certain miRNAs but also secrete them into the extracellular environment. Our results, along with those from other groups [@B17], [@B29], support that the tumor-associated serum miRNAs might be dominantly derived from tumor cells.

Conclusion
==========

Collectively, we carried out a systematic investigation to identify the potential prognostic role of serum miRNAs. A two-miRNA signature was found independently and strongly related to the prognosis for OSCC, which might act as a novel predictor of survival.

Supplementary Material {#SM0}
======================

###### 

Supplementary figures.

###### 

Click here for additional data file.

This work was supported by project of Natural Science Foundation of China (Grant No. 81472518, 81772871), National Key R&D Program of China (2017YFC0840100, 2017YFC0840110, 2016YFC0902700). Interdisciplinary Program of Shanghai Jiao Tong University (YG2015MS05).

AUC

:   area under the receiver operating characteristic

CI

:   confidence interval

CRC

:   conditionally reprogrammed cell

CT

:   cycle threshold

DFS

:   disease free survival

DOI

:   Depth of invasion

HC

:   healthy controls

HR

:   hazard ratio

KM

:   Kaplan-Meier

MST

:   median survival time

OS

:   overall survival

OSCC

:   oral squamous cell carcinoma

ROC

:   receiver operating characteristic

SD

:   standard deviation

TNM

:   tumor-node-metastasis

UICC

:   Union for International Cancer Control.
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![Identification of prognosis-related serum miRNAs in the screening cohort. **(A)**, Unsupervised hierarchical cluster analysis identified two distinct groups in the screening cohort (OSCC patients, *n*= 25); rows stand for miRNAs, and columns stand for patients. Clinicopathological characteristics of each patient were indicated. Differences in survival rates were found between the two groups. Tree analysis revealed that segregation of these two subgroups was accompanied by the generation of three major miRNA clusters. **(B)**, Serum levels of nine miRNAs (red color) were statistically higher in patients who died. (unpaired *t* test, *P*\< 0.01). DOI: Depth of invasion.](thnov09p0920g002){#F2}

![A two-miRNA signature developed in the training cohort. **(A)**, A comparison of indicated serum miRNA levels in OSCC patients and healthy controls (unpaired *t* test, ns: not significant, \*\*\**P*\< 0.001). **(B)**, A comparison of indicated serum miRNA levels in OSCC patients who died, OSCC patients who survived and healthy controls. (one-way ANOVA, \**P*\< 0.05, \*\*\**P*\< 0.001) (OSCC patients, *n*= 40; healthy controls, *n*= 15). **(C, D)**, Kaplan-Meier analysis of disease free survival (upper) and overall survival (below) indicated that patients having high expression of miR-626 (C) or miR-5100 (D) displayed significantly shortened MST. **(E)**, Kaplan-Meier analysis of disease free survival (upper) and overall survival (below) showed that patients having high expression of both risk miRNAs displayed significantly decreased MST than those carrying zero or one risk miRNA. (disease free survival,*P*= 0.000846; overall survival, *P*= 0.004097). **(F)**, Patients having higher risk-scores of the two-miRNA signature showed a shortened disease free survival (left) and overall survival (right). (disease free survival,*P*= 0.000007; overall survival, *P*= 0.00005). **(G)**, The two-miRNA signature yielded better AUC value of 0.920 with 0.810 specificity and 0.842 sensitivity to predict survival of OSCC patient than one-single-miRNA. AUC: area under the receiver operating characteristic; CI: confidence interval; HR: hazard ratio; MST: median survival time; ns, no significant difference; OSCC, oral squamous cell carcinoma.](thnov09p0920g003){#F3}

![The two-miRNA signature was validated in independent cohorts. **(A)**, Risk-scores distribution. The Y axis shows the index of risk scores. **(B)**, Prognosis in patients. The dotted line refers to the median miRNA signature cutoff (1.509). **(C)**, Color-gram of miRNA expression profiles; rows stand for miRNAs, and columns stand for patients. **(D, E)**, Kaplan-Meier analysis indicated that high-risk patients in both the testing cohort (D) and all-combined cohorts (E) showed significantly shortened disease free survival (left) and overall survival (right). (*P*\< 0.001). **(F, G)**, Comparison of each single miRNA and the miRNA signature for DFS prediction in both the testing cohort (F) and all-combined cohorts (G). **(H)**, Comparison of each single miRNA and the miRNA signature for recurrence prediction in all-combined cohorts. **(I)**, Comparison of the miRNA signature alone, TNM staging system alone and an integrated model combining the TNM staging system and miRNA signature for DFS prediction. AUC: area under the receiver operating characteristic; CI: confidence interval; DFS: disease free survival; HR: hazard ratio; MST: median survival time; OSCC, oral squamous cell carcinoma; ROC: receiver operating characteristic.](thnov09p0920g004){#F4}

![Identification of the source of these two-risk miRNAs. **(A)**, Comparison of serum miR-626 (left) and miR-5100 (right) in paired pre-operative and post-operative samples (*n*= 40). (paired *t* test, \*\**P*\< 0.01, \*\*\**P*\< 0.001). **(B)**, Correlations between the reduction of serum miR-626 (left) and miR-5100 (right) expression and tumor volume. (Spearman\'s rank correlation test, *n*= 40, *P*\< 0.001). **(C)**, Morphology of primary oral mucosal epithelium cells (left) (indicated by arrow) and OSCC cells (right) (indicated by arrow) growing with irradiated 3T3 J2 fibroblasts (indicated by arrow head). Scale bar, 100 μm. **(D)**, Comparison of the miR-626 (left) and miR-5100 (right) expression levels in tumor-derived CRC lines, normal mucosa-derived CRC lines and their culture media. (paired *t* test, *n*= 8, \*\**P*\< 0.01, \*\*\**P*\< 0.001). **(E)**, Correlation between miR-626 (left) (*P*= 0.002) and miR-5100 (right) (*P*= 0.001) levels in tumor-derived CRC lines and their matched culture media. (Spearman\'s rank correlation test, *n*= 8). CRC: conditionally reprogrammed cell; OSCC: oral squamous cell carcinoma.](thnov09p0920g005){#F5}

###### 

Clinicopathological features of all individuals involved in the development of miRNAs signature.

                    All patients and Healthy controls (*n*=260)                       
  ----------------- --------------------------------------------- -- ------------- -- --------
  **Age (years)**                                                                     
  Mean ± SD         61.81±11.71                                      59.42±10.82      0.110†
  **Gender**                                                                          
  Male              99 (58.2%)                                       50 (55.6%)       0.678
  Female            71 (41.8%)                                       40 (44.4%)       
  **Smoking**                                                                         
  Positive          68 (40.0%)                                       29 (32.2%)       0.217
  Negative          102 (60.0%)                                      61 (67.8%)       
  **Drinking**                                                                        
  Positive          67 (39.4%)                                       29 (32.2%)       0.253
  Negative          103 (60.6%)                                      61 (67.8%)       

Mean ± standard deviation (SD) or *n* (%) were presented. †Student\'s t test. \* Chi-squared test. HC: healthy controls; OSCC: oral squamous cell carcinoma.

###### 

Clinicopathological features of all patients with OSCC in three independent cohorts.

                                          Screening cohort      Training cohort      Testing cohort      *P*-value\*
  --------------------------------------- ------------------ -- ----------------- -- ---------------- -- -------------
  **Age (years)**                                                                                        
  Mean ± SD                               63.28±10.20           63.10±9.63           60.96±12.74         0.492 †
  **Gender**                                                                                             
  Male                                    13 (52.0%)            22 (55.0%)           64 (61.0%)          0.641
  Female                                  12 (48.0%)            18 (45.0%)           41 (39.0%)          
  **Smoking**                                                                                            
  Positive                                6 (24.0%)             16 (40.0%)           46 (43.8%)          0.192
  Negative                                19 (76.0%)            24 (60.0%)           59 (56.2%)          
  **Drinking**                                                                                           
  Positive                                6 (24.0%)             14 (35.0%)           47 (44.8%)          0.131
  Negative                                19 (76.0%)            26 (65.0%)           58 (55.2%)          
  **Pathological grade**                                                                                 
  pG1/pG2                                 17 (68.0%)            26 (65.0%)           61 (58.1%)          0.561
  pG3                                     8 (32.0%)             14 (35.0%)           44 (41.9%)          
  **TNM stage**                                                                                          
  I                                       5 (20.0%)             4 (10.0%)            16 (15.2%)          0.919
  II                                      6 (24.0%)             10 (25.0%)           30 (28.6%)          
  III                                     9 (36.0%)             16 (40.0%)           34 (32.4%)          
  IV                                      5 (20.0%)             10 (25.0%)           25 (23.8%)          
  **T stage**                                                                                            
  T1                                      7 (28.0%)             11 (27.5%)           22 (21.0%)          0.796
  T2                                      8 (32.0%)             16 (40.0%)           39 (37.1%)          
  T3                                      6 (24.0%)             8 (20.0%)            33 (31.4%)          
  T4                                      4 (16.0%)             5 (12.5%)            11 (10.5%)          
  **N stage**                                                                                            
  N0                                      14 (56.0%)            20 (50.0%)           64 (61.0%)          0.277
  N1                                      9 (36.0%)             14 (35.0%)           22 (21.0%)          
  N2                                      2 (8.0%)              6 (15.0%)            19 (18.1%)          
  **Depth of invasion**                                                                                  
  DOI ≤ 5 mm                              7 (28.0%)             20 (50.0%)           56 (53.3%)          0.157
  DOI \> 5 and ≤10 mm                     10 (40.0%)            13 (32.5%)           34 (32.4%)          
  DOI \> 10 mm                            8 (32.0%)             7 (17.5%)            15 (14.3%)          
  **Extranodal extension**                                                                               
  Positive                                7 (28.0%)             11 (27.5%)           27 (25.7%)          0.960
  Negative                                18 (72.0%)            29 (72.5%)           78 (74.3%)          
  **Perineural invasion**                                                                                
  Positive                                6 (24.0%)             11 (27.5%)           24 (22.9%)          0.843
  Negative                                19 (76.0%)            29 (72.5%)           81 (77.1%)          
  **Vascular invasion**                                                                                  
  Positive                                6 (24.0%)             9 (22.5%)            23 (21.9%)          0.974
  Negative                                19 (76.0%)            31 (77.5%)           82 (78.1%)          
  **Post-operative adjuvant treatment**                                                                  
  Chemoradiotherapy                       13 (52.0%)            22 (55.0%)           45 (42.9%)          0.368
  Negative                                12 (48.0%)            18 (45.0%)           60 (57.1%)          
  **Disease-free survival**                                                                              
  Alive                                   14 (56.0%)            21 (52.5%)           60 (57.1%)          0.881
  Relapse or death                        11 (44.0%)            19 (47.5%)           45 (42.9%)          
  **Overall survival**                                                                                   
  Alive                                   16 (64.0%)            24 (60.0%)           63 (60.0%)          0.931
  Death                                   9 (36.0%)             16 (40.0%)           42 (40.0%)          

Mean ± standard deviation (SD) or *n* (%) were presented. † One Way ANOVA. \* Chi-squared test. DOI: Depth of invasion; OSCC: oral squamous cell carcinoma.

###### 

Clinicopathological features of patients in group 1 and group 2 in the screening stage.

                                          Screening set (n=25)                   
  --------------------------------------- ---------------------- ------------ -- ---------
  **Age (years)**                                                                
  Mean ± SD                               63.26±11.37            63.33±5.79      0.984 †
  **Gender**                                                                     
  Male                                    10 (52.6%)             3 (50.0%)       0.91
  Female                                  9 (47.4%)              3 (50.0%)       
  **Smoking**                                                                    
  Positive                                4 (21.1%)              2 (33.3%)       0.539
  Negative                                15 (78.9%)             4 (66.7%)       
  **Drinking**                                                                   
  Positive                                4 (21.1%)              2 (33.3%)       0.539
  Negative                                15 (78.9%)             4 (66.7%)       
  **Pathology grade**                                                            
  pG1/pG2                                 12 (63.2%)             5 (83.3%)       0.356
  pG3                                     7 (36.8%)              1 (16.7%)       
  **TNM**                                                                        
  I                                       4 (21.1%)              1 (16.7%)       0.277
  II                                      5 (26.3%)              1 (16.7%)       
  III                                     5 (26.3%)              4 (66.7%)       
  IV                                      5 (26.3%)              0               
  **T stage**                                                                    
  T1                                      6 (31.6%)              1 (16.7%)       0.278
  T2                                      6 (31.6%)              2 (33.3%)       
  T3                                      3 (15.7%)              3 (50.0%)       
  T4                                      4 (21.1%)              0               
  **N stage**                                                                    
  N0                                      12 (63.2%)             2 (33.3%)       0.181
  N1                                      5 (26.3%)              4 (66.7%)       
  N2                                      2 (10.5%)              0               
  **Depth of invasion**                                                          
  DOI ≤ 5 mm                              6 (31.6%)              1 (16.7%)       0.754
  DOI \> 5 and ≤10 mm                     7 (36.8%)              3 (50.0%)       
  DOI \> 10 mm                            6 (31.6%)              2 (33.3%)       
  **Extranodal extension**                                                       
  Positive                                5 (26.3%)              2 (33.3%)       0.739
  Negative                                14 (73.7%)             4 (66.7%)       
  **Perineural invasion**                                                        
  Positive                                4 (21.1%)              2 (33.3%)       0.539
  Negative                                15 (78.9%)             4 (66.7%)       
  **Vascular invasion**                                                          
  Positive                                5 (26.3%)              1 (16.7%)       0.629
  Negative                                14 (73.7%)             5 (83.3%)       
  **Post-operative adjuvant treatment**                                          
  Chemoradiotherapy                       9 (47.4%)              4 (66.7%)       0.409
  Negative                                10 (52.6%)             2 (33.3%)       
  **Survival**                                                                   
  Alive                                   15 (78.9%)             1 (16.7%)       0.0056
  Dead                                    4 (21.1%)              5 (83.3%)       

Mean ± standard deviation (SD) or *n* (%) were presented. † Student\'s *t* test. \* Chi-squared test. DOI: Depth of invasion.

###### 

Univariate Cox regression analysis of the 3 candidate miRNAs expression related to DFS in the training cohort of 40 OSCC patients.

  microRNA            HR      95% CI          Regression coefficient   *P* value
  ------------------- ------- --------------- ------------------------ --------------
  Serum miR-626       1.294   1.129 - 1.483   **0.258**                **0.000211**
  Serum miR-5100      1.308   1.136 - 1.506   **0.269**                **0.000186**
  Serum miR-1537-3p   0.789   0.547 - 1.140   -0.236                   0.207

HR, hazard ratio; CI, confidence interval. DFS, disease free survival OSCC: oral squamous cell carcinoma. Significant associations are shown in bold (*P* \< 0.05).

###### 

Clinical characteristics of low-risk and high-risk patients in the training, testing, and all-combined cohorts.

                                          Training cohort (n=40)                 Testing cohort (n=105)              All-combined cohort (n=170)                                                                               
  --------------------------------------- ------------------------ ------------- ------------------------ ---------- ----------------------------- ------------- ------------- -- ---------- -- ------------- ------------- -- ----------
  **Age (years)**                                                                                                                                                                                                              
  Mean ± SD                               62.15±8.98               64.05±10.39                            0.54 †                                   59.46±13.68   62.67±11.47      0.199 †       60.68±12.31   63.08±10.95      0.184 †
  **Gender**                                                                                                                                                                                                                   
  Male                                    10 (50.0%)               12 (60.0%)                             0.525                                    32 (57.1%)    32 (65.3%)       0.392         49 (54.4%)    50 (62.5%)       0.288
  Female                                  10 (50.0%)               8 (40.0%)                                                                       24 (42.9%)    17 (34.7%)                     41 (45.6%)    30 (37.5%)       
  **Smoking**                                                                                                                                                                                                                  
  Positive                                7 (35.0%)                9 (45.0%)                              0.519                                    24 (42.9%)    22 (44.9%)       0.833         34 (37.8%)    34 (42.5%)       0.530
  Negative                                13 (65.0%)               11 (55.0%)                                                                      32 (57.1%)    27 (55.1%)                     56 (62.2%)    46 (57.5%)       
  **Drinking**                                                                                                                                                                                                                 
  Positive                                6 (30.0%)                8 (40.0%)                              0.507                                    24 (42.9%)    23 (46.9%)       0.675         34 (37.8%)    33 (41.25%)      0.644
  Negative                                14 (70.0%)               12 (60.0%)                                                                      32 (57.1%)    26 (53.1%)                     56 (62.2%)    47 (58.75%)      
  **Pathological grade**                                                                                                                                                                                                       
  pG1/pG2                                 15 (75.0%)               11 (55.0%)                             0.185                                    35 (62.5%)    26 (53.1%)       0.328         60 (66.7%)    44 (55.0%)       0.119
  pG3                                     5 (25.0%)                9 (45.0%)                                                                       21 (37.5%)    23 (46.9%)                     30 (33.3%)    36 (45.0%)       
  **TNM stage**                                                                                                                                                                                                                
  I                                       4 (20.0%)                0                                      0.172                                    11 (19.6%)    5 (10.2%)        0.116         18 (20.0%)    7 (8.75%)        0.132
  II                                      5 (25.0%)                5 (25.0%)                                                                       19 (33.9%)    11 (22.4%)                     26 (28.9%)    20 (25.0%)       
  III                                     6 (30.0%)                10 (50.0%)                                                                      17 (30.4%)    17 (34.7%)                     28 (31.1%)    31 (38.75%)      
  IV                                      5 (25.0%)                5 (25.0%)                                                                       9 (16.1%)     16 (32.7%)                     18 (20.0%)    22 (27.5%)       
  **T stage**                                                                                                                                                                                                                  
  T1                                      8 (40.0%)                3 (15.0%)                              0.193                                    14 (25.0%)    8 (16.3%)        0.121         26 (28.9%)    14 (17.5%)       0.215
  T2                                      7 (35.0%)                9 (45.0%)                                                                       24 (42.9%)    15 (30.6%)                     34 (37.8%)    29 (36.25%)      
  T3                                      2 (10.0%)                6 (30.0%)                                                                       15 (26.7%)    18 (36.7%)                     20 (22.2%)    27 (33.75%)      
  T4                                      3 (15.0%)                2 (10.0%)                                                                       3 (5.4%)      8 (16.3%)                      10 (11.1%)    10 (12.5%)       
  **N stage**                                                                                                                                                                                                                  
  N0                                      11 (55.0%)               9 (45.0%)                              0.784                                    38 (67.9%)    26 (53.1%)       0.102         57 (63.3%)    41 (51.25%)      0.144
  N1                                      6 (30.0%)                8 (40.0%)                                                                       12 (21.4%)    10 (20.4%)                     23 (25.6%)    22 (27.5%)       
  N2                                      3 (15.0%)                3 (15.0%)                                                                       6 (10.7%)     13 (26.5%)                     10 (11.1%)    17 (21.25%)      
  **Depth of invasion**                                                                                                                                                                                                        
  DOI ≤ 5 mm                              13 (65.0%)               7 (35.0%)                              0.145                                    32 (57.1%)    24 (49.0%)       0.689         49 (54.4%)    34 (42.5%)       0.209
  DOI \> 5 and ≤10 mm                     4 (20.0%)                9 (45.0%)                                                                       17 (30.4%)    17 (34.7%)                     25 (27.8%)    32 (40.0%)       
  DOI \> 10 mm                            3 (15.0%)                4 (20.0%)                                                                       7 (12.5%)     8 (16.3%)                      16 (17.8%)    14 (17.5%)       
  **Extranodal extension**                                                                                                                                                                                                     
  Positive                                5 (25.0%)                6 (30.0%)                              0.723                                    13 (23.2%)    14 (28.6%)       0.531         23 (25.6%)    22 (27.5%)       0.774
  Negative                                15 (75.0%)               14 (70.0%)                                                                      43 (76.8%)    35 (71.4%)                     67 (74.4%)    58 (72.5%)       
  **Perineural invasion**                                                                                                                                                                                                      
  Positive                                6 (30.0%)                5 (25.0%)                              0.723                                    12 (21.4%)    12 (24.5%)       0.709         21 (23.3%)    20 (25.0%)       0.800
  Negative                                14 (70.0%)               15 (75.0%)                                                                      44 (78.6%)    37 (75.5%)                     69 (76.7%)    60 (75.0%)       
  **Vascular invasion**                                                                                                                                                                                                        
  Positive                                6 (30.0%)                3 (15.0%)                              0.256                                    13 (23.2%)    10 (20.4%)       0.729         21 (23.3%)    17 (21.25%)      0.745
  Negative                                14 (70.0%)               17 (85.0%)                                                                      43 (76.8%)    39 (79.6%)                     69 (76.7%)    63 (78.75%)      
  **Post-operative adjuvant treatment**                                                                                                                                                                                        
  Chemoradiotherapy                       10 (50.0%)               12 (60.0%)                             0.525                                    20 (35.7%)    25 (51.0%)       0.158         38 (42.2%)    42 (52.5%)       0.180
  Negative                                10 (50.0%)               8 (40.0%)                                                                       36 (64.3%)    24 (49.0%)                     52 (57.8%)    38 (47.5%)       
  **Disease-free survival**                                                                                                                                                                                                    
  Relapses or deaths                      3 (15.0%)                16 (80.0%)                             0.000039                                 12 (21.4%)    33 (67.3%)       0.000002      17 (18.9%)    58 (72.5%)       2.11e-12
  Alive                                   17 (85.0%)               4 (20.0%)                                                                       44 (78.6%)    16 (32.7%)                     73 (81.1%)    22 (27.5%)       
  **Overall survival**                                                                                                                                                                                                         
  Deaths                                  2 (10.0%)                14 (70.0%)                             0.000108                                 11 (19.6%)    31 (63.3%)       0.000005      14 (15.6%)    53 (66.25%)      1.46e-11
  Alive                                   18 (90.0%)               6 (30.0%)                                                                       45 (80.4%)    18 (36.7%)                     76 (84.4%)    27 (33.75%)      
  **Post-operative recurrence**                                                                                                                                                                                                
  Positive                                3 (15.0%)                13 (65.0%)                             0.001249                                 8 (14.3%)     29 (59.2%)       0.000002      13 (14.4%)    51 (63.75%)      3.52e-11
  Negative                                17 (85.0%)               7 (35.0%)                                                                       48 (85.7%)    20 (40.8%)                     77 ( 85.5%)   29 (36.25%)      

Mean ± standard deviation (SD) or *n* (%) were presented. †Student\'s t test. \* Chi-squared test. HC: healthy controls; OSCC: oral squamous cell carcinoma. DOI: Depth of invasion.

###### 

Cox regression analysis for miRNA signature in all patients with OSCC.

                                                   Regression coefficient   HR      95%CI            P value
  ------------------------------------------------ ------------------------ ------- ---------------- ----------
  **Univariate analysis**                                                                            
  Age (\> 64 vs. ≤ 64 years)                       0.316                    1.372   0.871 - 2.160    0.172
  Gender (male vs. female)                         0.114                    1.121   0.706 - 1.779    0.628
  Smoking (positive vs. negative)                  0.084                    1.087   0.687 - 1.721    0.722
  Drinking (positive vs. negative)                 0.022                    1.022   0.644 - 1.622    0.926
  Pathology grade (pG3 vs. pG1/pG2)                0.569                    1.767   1.123 - 2.780    0.014
  TNM stage (stage III-IV vs. stage I-II)          0.865                    2.375   1.422 - 3.968    0.00095
  Perineural invasion (positive vs. negative)      -0.076                   0.927   0.540 - 1.592    0.784
  Vascular invasion (positive vs. negative)        0.375                    1.455   0.879 - 2.409    0.145
  Post-operative adjuvant treatment (Yes vs. No)   0.298                    1.348   0.856 - 2.120    0.197
  Serum miRNA signature (high- vs. low-risk)       1.864                    6.448   3.732 - 11.139   2.36e-11
  **Multivariate analysis**                                                                          
  Pathology grade (pG3 vs. pG1/pG2)                0.298                    1.348   0.844 - 2.152    0.211
  TNM stage (stage III-IV vs. stage I-II)          0.639                    1.895   1.115 - 3.220    0.018
  Serum miRNA signature (high- vs. low-risk)       1.791                    5.996   3.458 - 10.396   1.80e-10

Multivariate analysis adjusted for age, gender, smoking, drinking, perineural invasion, vascular invasion, and post-operative adjuvant treatment. HR, hazard ratio; CI, confidence interval; OSCC: oral squamous cell carcinoma.
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